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Effects of maternal malnutrition during lactation on the kidneys in mice infected with Schistosoma man-
soni. Kidneys from programmed infected mice and their respective controls fed a normal diet (23% pro-
tein), a protein-restricted group (PR) (8% protein) and a caloric-restricted group (CR) (according to the PR
group intake) evaluated by biometry, morphometry and histopathology. Both PR and CR groups showed a
reduction in the number of glomeruli when compared with the control group (CR: 29% vs C; PR: 41%
vs C; p < 0.05) as well as infected mice (ICR: 32% vs IC; IPR: 47% vs IC; p < 0.05). Among infected mice,
ICR group showed higher kidney weights (+18% vs IC and +12% vs IPR; p < 0.01). The ICR and IPR groups
showed largest perimeter and area when compared to the corresponding uninfected group (ICR vs CR:
+26%; IPR vs PR: +21%, p < 0.05) and area (ICR vs CR: +95%; IPR vs PR: +50%, p < 0.05). The ICR group
showed an increase of within Bowman (CR vs ICR: +56%, p < 0.05), whereas Bowman’s space was reduced
(PR vs IPR, 61%; p < 0.05). Conclude that malnutrition during lactation programmed the metabolic state
of the host, resulting in the evolution of the histology of the renal parenchyma.
 2013 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction
Neglected tropical diseases (Hotez et al., 2008), nutritional dis-
order like undernourishment (Casapía et al., 2007; Gyorkos et al.,
2011) and chronic kidney disease (Nugent et al., 2011) representlva).
) fellow.
lsevier OA license.public health concerns because affect vulnerable communities in
developing countries. Epidemiological data have shown detrimen-
tal effects of malnutrition and parasitic infection on health, cogni-
tion and behavior in preschool-aged children affected with
concurrent morbidities (Muniz et al., 2002; Hughes and Kelly,
2006; Casapía et al., 2007; Jardim-Botelho et al., 2008).
Schistosomiasis mansoni, caused by the blood dwelling ﬂuke
Schistosoma mansoni, is one the most prevalent neglected tropical
water-borne disease (Gryseels et al., 2006). It is estimated that
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velop severe morbidity (Chitsulo et al., 2000; Steinmann et al.,
2006), which is characterized by hepatic ﬁbrosis, portal hyperten-
sion, ascites, esophageal varices, collateral circulation and spleno-
megaly (van der Werf et al., 2003; Gryseels et al., 2006;
Lambertucci, 2010). Epidemiological studies have shown that
schistosomiasis is related to changes in the renal parenchyma,
mediated by immune complexes and even today, schistosomia-
sis-related renal injury remains a major problem in Brazil (Rodri-
gues et al., 2010).
Metabolic programming is deﬁned as a biological phenomenon
that determines the relationship between physical and chemical
stimuli in critical periods of early life, such as gestation and/or lac-
tation, with the future functional status (de Moura et al., 2008).
This concept has been questioned mainly because it gives an idea
of a deterministic phenomenon instead of a process that can be
modulating during development by several factors. So, the term
‘‘developmental plasticity’’ is now used because it better reﬂect
this biological phenomenon (Gluckman and Hanson, 2007). In fact,
animal studies have reported that maternal malnutrition during
the critical period of lactation may have deleterious effects in the
adult life of the offspring, even if the animal had free access to nor-
mal diet after weaning (Passos et al., 2000, 2004; Vicente et al.,
2004; Moura et al., 2007; Fagundes et al., 2007, 2009; Lisboa
et al., 2008). Previously, we reported that that neonatal malnutri-
tion during lactation affects the outcome of schistosomiasis in mice
(Corrêa et al., 2011).
Although schistosomal glomerular disease in hepatosplenic
schistosomiasis (Andrade and Van Marck, 1984), protein-energy
malnutrition in the chronic renal failure (Abraham et al., 2003)
and an association between maternal low-protein and kidney dys-
function in adult life have been reported (Mesquita et al. 2010), lit-
tle is known regards the effects of neonatal malnutrition on the
offspring kidney in the acute schistosomiasis in mice. Thus, the
present study was addressed to evaluate the association between
the long-term effect of malnutrition during lactation and the infec-
tion caused by S. mansoni upon the kidney and its parenchyma.2. Materials and methods
2.1. Ethics statement
The use of the animals according to our experimental design
was approved by the Animal Care and Use Committee of the Biol-
ogy Institute of the State University of Rio de Janeiro (CEUA/232/Table 1
Composition of the experimental diets for rodents.
Control dieta (g/kg) Low-protein dietb (g/kg)
Ingredients
Soybean+wheat 230.0 80.0
Cornstarch 676.0 826.0
Soybean oil 50.0 50.0
Vitamin mixc 4.0 4.0
Mineral mixc 40.0 40.0
Macronutrient composition (%)
Total energy (kJ/kg) 17,038.7 17,038.7
Protein 23.0 8.0
Carbohydrate 66.0 81.0
Fat 11.0 11.0
a Standard diet for rodents (Nuvilab, NUVITAL Nutrientes, Paraná, Brazil).
b The low-protein diet was prepared in our laboratory using the control diet and
replacing part of its protein with cornstarch. The amount of the latter ingredient
was calculated to make up for the decrease in energy content due to protein
reduction.
c Vitamin and mineral mixtures were formulated to meet the AIN-93G recom-
mendation for rodent diet and contain the recommended amount of iodine.2008), which based its analysis on the principles adopted and pro-
mulgated by Brazilian Law 11.794/2008 (Marques et al., 2009).
2.2. Animal model
Details of the S. mansoni-mouse model employed in the current
investigation have been described elsewhere (Corrêa et al., 2011).
Brieﬂy, mouse dams obtained from Oswaldo Cruz Foundation ani-
mal facility were separated in control diet (C) with 23% protein,
protein-restricted diet (PR) with 8% protein and caloric-restricted
diet (CR) (fed according to the PR group intake) (Table 1). Neonatal
malnutrition began at the time of the pup’s birth (day 0) and ended
at weaning (21 days). After weaning, offspring received a normal
diet. At the age of 60 days, the offspring were infected with 50 S.
mansoni cercariae (BH strain, Brazil) by transcutaneous route,
and infection allowed to mature for nine weeks representing the
acute phase of infection. Mouse pups were divided into six groups:
uninfected control (C), uninfected protein-restricted diet (PR),
uninfected caloric-restricted diet (CR), infected fed control diet
(IC), infected fed protein-restricted diet (IPR) and infected fed calo-
ric-restricted diet (ICR).
2.3. Histopathology
Kidneys from programmed mice and their controls were ex-
cised and weighed. Kidneys samples were ﬁxed in 10% bufferedFig. 1. Histopathological analysis of kidney sections from adult control and infected
control offspring. (A) Stained sections from adult control showing glomeruli and
convoluted tubules with preserved parenchyma (Masson’s trichrome stain)
(Bar = 20 mm); (B) stained sections from adult infected control showing glomeruli
with a small increase and convoluted tubules with preserved parenchyma H&E
(Bar = 20 mm).
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micrometer sections were stained with haematoxylin and eosin,
Masson’s trichrome or Picrosirius.2.4. Morphometric analysis
Representative images were captured with a light microscope
(Olympus BX50 Tokyo, Japan). Morphometric measurements of
area, perimeter and Space of Bowman were made on digitally
captured images (Nikon Eclipse E200 camera Nikon DS-Fi1), using
Image Pro Plus software (Media Cybernetics, Silver Spring, MD,
USA).3. Statistical analysis
Results are expressed as mean values ± standard error of the
mean. The GraphPad Prism 4 (GraphPad Software, Inc, La Jolla,
CA, USA) was used for statistical analyses and graphics.
Results were analysed by one-way analysis of variance and
Newman–Keuls multiple comparison tests. Other experimental
data (infected vs. uninfected group) were analyzed by Student’s
unpaired t test and differences were considered signiﬁcant at
p < 0.05.Fig. 2. Histopathological analysis of kidney sections from adult caloric-restricted
and infected caloric-restricted off spring. (A) Stained sections from adult kidney
parenchyma from adult caloric-restricted showing glomeruli and convoluted
tubules with preserved parenchyma (Masson’s trichrome stain) (Bar = 20 mm);
(B) stained sections from adult infected caloric-restricted showing glomerular
hypertrophy and increased urinary space of Bowman H&E (Bar = 20 mm).4. Results
4.1. Renal histopathology and morphometry
The weights of kidneys from uninfected mice children were not
statistically different and showed preserved renal parenchyma
(Figs. 1–3A).
There was no leukocyte inﬁltrate present in the renal
parenchyma in groups of infected animals. ICR offspring
displayed higher kidney mass (+30%, p < 0.0001). The PR and
CR offspring presented lower number of glomeruli (CR:
29% vs C; PR: 41% vs C, p < 0.05), independent of the in-
fected status (ICR: 32% vs IC; IPR: 47% vs IC, p < 0.05),
as depicted in Table 2.
As shown in Table 2, the glomeruli perimeter was higher
in ICR and IPR groups (ICR vs CR: +26%; IPR vs PR: +21%,
p < 0.05) as well as the area of glomeruli was higher in all in-
fected group (IC vs C: +34%; ICR vs CR: +95%; IPR vs PR:
+50%, p < 0.05). ICR offspring show glomerular hypertrophy
and increased urinary space of Bowman’s (+56% vs CR;
p < 0.05) (Fig. 2B), while this parameter was lower in IPR off-
spring (61% vs PR, p < 0.05) (Fig. 3B). The infection did not
cause changes in Bowman’s space in the control group
(Fig. 1A and B).Fig. 3. Photomicrographs of kidney sections from adult protein-restricted and
infected protein-restricted offspring. (A) Stained sections from adult protein-
restrited showing glomeruli and convoluted tubules with preserved parenchyma
(Masson’s trichrome stain) (Bar = 20 lm); (B) stained sections from adult Infected
protein-restricted showing glomerulus with reduced space urinary Bowman (H&E)
(Bar = 20 lm).
Table 2
Biometrical parameters of the kidney and its parenchyma in schistosomiasis-infected adult male mice whose mothers were fed with normal (C), caloric-restricted (CR) or protein-
restricted (PR) diet during lactation.
Groups
Uninfected Infected
Control CR PR Control CR PR
Kidney weight (g) 0.41 ± 0.00 0.39 ± 0.01 0.40 ± 0.06 0.37 ± 0.04 0.49 ± 0.01a,b 0.43 ± 0.01c
Perimeter (l) 220.01 ± 7.86 220.14 ± 11.07 213.86 ± 7.06 247.64 ± 8.41 278.24 ± 15.16a 258.83 ± 13.89a
Space of Bowman (l) 9.11 ± 0.71 8.56 ± 1.61 11.99 ± 0.70 10.85 ± 1.30 13.33 ± 1.40a 4.66 ± 1.34a
Area of the glomerulus (l) 3312.90 ± 316.17 3133.41 ± 303.80 2967.38 ± 200.06 4438.40 ± 305.64a 6105.74 ± 744.39a 4437.26 ± 505.63a
Number of glomerulus 132 ± 8 94 ± 14b 78 ± 10b 118 ± 5 80 ± 8b 62 ± 10b,c
Data presented as means ± standard error of the mean (signiﬁcant difference: p < 0.05).
a infected vs uninfected.
b vs C.
c vs CR or PR.
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Glomerulonephritis, a major cause of chronic kidney disease
worldwide, presents with various histological and clinical manifes-
tations that are related to its severity and duration resulting in di-
verse clinical outcomes. Immune-mediated injury of the resident
glomerular cells plays a critical role in many forms of glomerular
injury and mounting evidence indicates that both humoral and
cell-mediated mechanisms are involved. The goal of our present
study was evidence that glomerular diseases caused by schistoso-
miasis may be more intense when associated with malnutrition
during lactation.
The phenomenon of metabolic programming has received con-
siderable interest over the last decade. Lactation is a critical period
during the development of mammals and is important in the
establishment of programming (Moura et al., 2008). Rat studies
have demonstrated that dietary restrictions lead to changes in
body weight and disruption of various physiological processes
(Passos et al., 2000, 2004; Vicente et al., 2004; Fagundes et al.,
2007, 2009; Moura et al., 2007; Lisboa et al., 2008). For instance,
metabolic programming by undernutrition throughout lactation
(Luzardo et al., 2011) or during pregnancy (Mesquita et al. 2010)
leads to renal changes. Our prior studies demonstrated that neona-
tal malnutrition of offspring during lactation resulted in alterations
of body mass probably due to hypophagia (PR mice) and hyperpha-
gia (CR mice). Also, the outcome of acute schistosomiasis was af-
fected with liver damage (Corrêa et al., 2011).
The acute schistosomiasis is characterized by a strong host
immune response against parasite larvae and both gut-associ-
ated worm and soluble egg antigens (Houba, 1979; Andrade,
2009). With ageing of the infection, the immune response to
parasite antigens is down-regulated (Boros, 1989; Sadler
et al., 2003). In regards to disease progression, the hepatosp-
lenic form is characterized by an extensive hepatic ﬁbrosis,
portal hypertension, ascites, esophageal varices, collateral circu-
lation and splenomegaly (van der Werf et al., 2003; Gryseels
et al., 2006; Lambertucci, 2010). In addition, renal pathology
has been associated with the hepatosplenic phase in both hu-
man (Andrade and Van Marck, 1984; Ramos and Andrade,
1987; Abensur et al., 1992; Rodrigues et al., 2010) and animal
studies (Sobh et al., 1996).
In this study, we observed renal involvement in the acute phase
that not only contrast to above studies but also highlights patho-
logic features of other organ than liver (Corrêa et al., 2011). As kid-
ney weight, perimeter, space of Bowman and glomerulus area were
not altered in uninfected CR and PR offspring when adult, it is pos-
sible that the normal diet offered after weaning was effective to
prevent these kidney changes. However, it was not efﬁcient to pre-
vent the reduction of glomeruli number, which was previouslyreported in rats (Langley-Evans et al., 1999; Woods et al., 2001;
Ots et al., 2004; Zandi-Nejad et al., 2006). The loss of glomeruli
can be associated with systemic hypertension and proteinuria in
individuals with low birth weight and in the experimental models
of caloric or protein restriction (Langley-Evans et al., 1999; Woods
et al., 2001; Ots et al., 2004; Pires et al., 2006; Zandi-Nejad et al.,
2006). Also, in our laboratory in a model of early weaning we evi-
denced important renal dysfunction in the adult progeny, also
characterized by glomerulosclerosis and peritubular ﬁbrosis (Pas-
sos et al., 2011).
Investigations concerning the pathogenesis of glomerular le-
sions found that liver damage has a role (Digeon et al., 1979). Pre-
viously, we showed that ICR offspring had liver and spleen
enlargement and higher (78%) exudative-productive granuloma,
high concentration of collagen and areas of ﬁbrosis caused by
retention of eggs, resulting in intrahepatic hypertension (Corrêa
et al., 2011). Therefore, it was not surprising that kidney weight
was also higher than other offspring.
Human studies demonstrated that membranoproliferative glo-
merulonephritis is one of the most common renal lesion in chronic
schistosomiasis (van Velthuysen, 2000). Additionally, this type of
glomerulonephritis correlates with the degree of associated schis-
tosomal hepatic ﬁbrosis (Barsoum, 2003; Santos et al., 2011).
Even today, schistosomiasis related renal injury remains an
important problem in Brazil (Rodrigues et al., 2010). Studies
have shown that schistosomiasis is related to changes in the
renal parenchyma, mediated by immune complexes (Andrade
and Van Marck, 1984), autoimmune component and portal
shunting (Van Velthuysen, 2000). In fact, some studies demon-
strated an association between Th2 cytokine production and
intensity of infection (Zwingerber et al., 1991; Williams
et al., 1994; Araújo et al., 1994; Viana et al., 1994; Fallon
et al., 2000; Abdulla et al. 2011). In the kidney, the Th2-med-
iated response is characterized by formation of immune com-
plexes and deposition in the glomerulus, which is usually
followed by complement activation (Nussenzveig et al., 2002).
On the other hand, the Th1-mediated response is characterized
by inﬁltration of circulating mononuclear cells and crescent
formation. Both responses are capable of releasing mediators
that are responsible for functional and structural changes as
seen in primary glomerular diseases. Importantly, these appar-
ently discrepant mechanisms of immune reactions, the Th1 and
Th2 responses, are not always mutually exclusive and operate
in a coordinated manner in glomerular injury, depending on
etiology and pathological stages. Immune complexes are either
formed in the systemic circulation and localize in the glomer-
ulus through passive trapping or are formed in situ and form
immune deposits locally. An antibody either binds speciﬁc
antigens intrinsic to the glomerulus, or soluble antigens that
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lar capillary wall or by nonspeciﬁc uptake by the mesangium.
Importantly, human studies have demonstrated that schisto-
somal glomerulopathy is also observed in patients with hep-
ato-intestinal schistosomiasis, in which porto-systemic shunts
are not evidenced (Nussenzveig et al., 2002). Our experimental
model closely resembles those human studies.
The programming during lactation led to a decreased
number of glomeruli in the infected offspring, in which IPR
groups showed lowest number. In fact, it was reported that
protein energy malnutrition in maternal sheep has potential
nephrogenic impairment during pregnancy (Lloyd et al.,
2012).
We found higher perimeter glomeruli and area in ICR and IPR
groups when compared to CR and PR in the adult malnourished
mice. This ﬁnding has been observed in previous studies (Cout-
inho, 2004), demonstrating a signiﬁcant inﬂammatory response
given the presence of S. mansoni eggs in their hosts (Sleigh
et al., 1986).
The ICR group showed higher of Bowman’s space, and the IPR
group showed lower of Bowman’s space. Lloyd et al. (2012)
showed that protein restriction causes changes in kidney paren-
chyma with reduced number of glomeruli. It is related to over-
weight that leads to compensatory mechanism with glomerular
hypertrophy and increased Bowman’s space.6. Concluding remarks
The ﬁndings of the present study extend and reinforce the the-
ory of neonatal programming, suggesting that both protein and en-
ergy restriction during lactation have a prominent effect on the
course of acute S. mansoni infection and renal parenchyma in adult
offspring mice. The maternal malnutrition causes long-term effects
in the kidney of the host, with lower number of glomerulous, while
S. mansoni infection affects more the glomeruli area, independent
of maternal nutritional status.Conﬂicts of interest
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